Aim-To study the morphology and function of the liver in visceral leishmaniasis (Kala-azar). Methods-Percutaneous liver biopsy specimens from 18 patients with confirmed visceral leishmaniasis were examined under light and electron microscopy before and after treatment with pentovalent antimony. The tissue was also examined for hepatitis B surface and core antigens using immunoperoxidase staining. Liver function was investigated in nine patients before and after treatment. 
Visceral leishmaniasis is a major health problem in the Sudan.' The disease is endemic in the eastern and southern part of the country and sometimes reaches epidemic proportions.2' In other parts of the world liver disease and various histopathological changes with some geographical variation have been described. These changes include diffuse Kupffer cells, hyperplasia with a heavy parasitic infiltrate, portal and intralobular granulomas, diffuse fibrosis45 and fibrin ring granuloma.6 Severe fibrogenic changes, the so-called Rogers' "cirrhosis", which is associated with liver dysfunction and portal hypertension, is more common in India than other endemic areas. 5 In a recent study from India, however, no evidence of liver cirrhosis or portal hypertension in visceral leishmaniasis was found.7 Cases of severe hepatitis with cytolysis, cholestasis, and hepatic failure have been reported from Tunisia. 8 The presence of the parasites inside the hepatocytes has been documented at the ultrastructural level and their role in relapse of the disease discussed. 9 The pathogenesis of liver dysfunction and fibrosis and the role of Ito cells in aetiology of the latter are not well understood. We therefore decided to study liver pathology in visceral leishmaniasis and its evolution in relation to hepatic function and response to treatment. Furthermore, hepatic disease in Sudanese Kala-azar has not been reported before. Pieces of liver tissue (1-2 mm long) were fixed in 2-5% glutaraldehyde at 4°C overnight and then transferred to cacodylate buffer (pH 7 2). The tissue was post-fixed in 1% osmium tetroxide and embedded in Epon. Ultrathin sections were stained with uranyl acetate and lead citrate and examined in a Phillips 300 transmission electron microscope.
Methods
Sera from nine patients before and after treatment as well as from 15 healthy subjects were tested for total protein, albumin, y glutamyltransferase (GGT), alkaline phosphatase, aspartate aminotransaminase (AST), alanine aminotransaminase (ALT), lactate dehydrogenase, total bilirubin and direct bilirubin.
The paired and unpaired two tailed Student's t test were used.
Results
The main morphological changes seen under light microscopy were inflammation, parasite invasion of Kupffer cells, fibrosis, and hepatocyte changes in the form of swelling, dysplasia, and fatty change. Thrombosis was also seen.
INFLAMMATORY CHANGES
Inflammatory changes were seen in all liver biopsy specimens before treatment, both in the portal tracts (18 patients) and intralobularly (14 patients). Before treatment the portal tracts were enlarged and contained large numbers of macrophages, lymphocytes, and occasional plasma cells. There were no compact epithelioid granulomas nor Langhans' giant cells. In addition to this inflammatory reaction, mild to moderate fibrosis was seen in 28% of these specimens before treatment. In another 28% of cases limiting plates were irregular and there was evidence of piecemeal necrosis ( fig 1) .
After treatment the inflammation in the portal areas disappeared in 23%, remained the same in 46%, and increased in 31% of patients. Intralobular inflammation was seen in 14 (78%) patients before treatment. It was diffuse in nature in 12 (86%) of them. The inflammation consisted of hyperplastic and hypertrophic Kupffer cells and sinusoidal inflammatory mononuclear cells. In the other two patients nodular collections of mononuclear cells were seen mainly around the central vein. After treatment intralobular inflammation was still present in seven out of 13 (54%) patients.
Parasites were only identified in eight out of 18 (44%) patients. The parasites were within the Kupffer cells and in histocytes in the portal tracts. Parasitised cells were usually associated with an inflammatory cellular reaction consisting of lymphocytes and plasma cells. Even before treatment in 56% of patients the inflammatory reaction contained no parasitised cells. No parasites were detected in the samples after treatment despite the presence of the inflammatory reaction.
FIBROSIS
Fibrosis of the central vein was seen in 10 out of 18 (56%) patients before treatment and in 12 out of 13 (92%) patients after treatment ( fig 2) . It was absent or seen in a milder form before treatment in patients with a nodular inflammatory reaction around central veins. It appeared in these areas or increased in severity after treatment.
Portal fibrosis was seen in 11 out of 13 (85%) patients after treatment compared with five out of 18 (28%) patients before treatment. Portal inflammatory reaction without fibrosis was seen in three cases before treatment. In these cases liver biopsy specimens taken after treatment showed only fibrosis without inflammation.
Pericellular fibrosis was seen after treatment in eight out of 13 (62%) patients compared with five out of 18 (28%) patients before treatment. It started around central veins and portal tracts and spread to encircle cells in the vicinity of these structures first *. Dysplasia, defined by increased nuclear staining and pleomorphism, was seen in 12 out of 18 (67%) patients before treatment. Dysplasia remained after treatment.
Parasitised Kupffer cells were hypertrophied and occasionally contained phagocytosed red cells.
Apoptotic Kupffer cells containing parasites were seen in three patients.
Increased iron content in hepatocytes and Kupffer cells was seen in all patients before and after treatment. It was more noticeable in Kupffer cells.
THROMBOSIS
Thrombosis was seen in six patients. In one patient an organised thrombus was found in a portal vein. In the remaining five patients sinusoidal thrombosis was widespread.
In all cases biopsy specimens were negative for HBsAG and HBcAG.
At electron microscopic examination, parasites were seen inside the Kupffer cells (fig 3) . They were enveloped in a unit host membrane. The pellicular membrane showed typical microtubules. Internal structures included the nucleus, kinetoplasts, and the flagellar pocket. Erythrophagocytosis was observed in parasitised Kupffer cells.
Some hepatocytes showed dilatation of the endoplasmic reticulum and microvesicles surrounding the dilated endoplasmic reticulum.
The latter showed disruption of the ribosomes. Some hepatocytes, particularly after treatment, showed pronounced oedema of the cytosol in addition to dilatation and disruption of the endoplasmic reticulum (fig 4) . Ito the inflammatory reaction in the biopsy specimens. In some samples that had been treated, in which parasites had been eliminated and the inflammation had subsided, ballooning degeneration was still evident. The pathogenesis of this change is unknown. Concomitant hepatitis B infection has been excluded. The fact that in some patients the hepatic changes worsen after treatment may be partly due to the effect of the drug. Functionally, the GGT and alkaline phosphatase values did not drop to normal after treatment, although serum albumin and other enzymes returned to normal. The piecemeal necrosis, seen even in the absence of demonstrable parasites, could mean an immunological injury to the hepatocytes, particularly at the periphery of the lobules. The inflammatory cellular reaction, which consists of parasitised macrophages, lymphocytes, and plasma cells, affects the portal tracts and is found inside the lobule either diffusely in the sinusoid or focally. Although parasites disappeared after treatment, the inflammatory reaction was still present or even increased after treatment in 77% of the patients. However, the patients recovered clinically and most of the liver function tests returned to normal. The only patient who died had severe fatty changes. We Liver morphology andfunction in visceral leishmaniasis (Kala-azar) dilatation and an increase in the rough endoplasmic reticulum rather than a change in the lipid content of these cells. ' 
